ABSTRACT The aim of present study was to investigate the effect of different times (5 min (UCPP-5), 10 min (UCPP-10), 20 min (UCPP-20), and 30 min (UCPP-30)) of ultrasound treatment on physicochemical, thermal, and antioxidant properties of chicken plasma protein (CPP). UCPP-20 had the highest fluorescence intensity and the lowest particle size. However, no major changes in the subunit compositions and the secondary structure of UCPPs were presented in SDS-PAGE and circular dichroism. The surface hydrophobicity and sulfhydryl content of UCPPs increased significantly (P < 0.05) as compared to those of CPP. With the increasing time of ultrasound treatment, there were more and deeper holes on the protein surfaces. Furthermore, protein modification by ultrasound could improve the thermal properties of UCPPs. Additionally, UCPPs showed a significant increase in antioxidant properties over CPP, especially UCPP-20. These observations indicated that ultrasound treatment was necessary for modification of CPP to meet the requirements for food processing.
INTRODUCTION
Animal blood from slaughterhouses provides valuable and useful protein in various applications such as food, pharmaceutical, and feed areas (Hyun and Shin, 1998) . Generally, animal blood mainly consists of plasma and red blood cells (Ikewuchi et al., 2013) . Plasma, which makes up 65 to 70 mL/100 mL of the total volume of whole blood, contains about 7.9 g/100 g protein (Ofori and Hsieh, 2014) . As a complex mixture, plasma has over 3,000 proteins; serum albumin (50 to 60 g/100 g), globulins (36 g/100 g), and fibrinogen (3 to 4 g/100 g) are the most abundant and govern the overall plasma functionality (Saguer et al., 2009) . The functionality of blood plasma has been widely reported, such as a meat gel enhancement, foaming agent, polyphosphate replacement, and an egg substitute. Therefore, porcine plasma protein (PPP) has received much interest at home and abroad. However, chicken plasma protein (CPP) has been traditionally limited to be used as a nutritional ingredient in food and feed (Zheng et al., 2018) . The worldwide production of chicken meat in 2014 was about 93 million metric ton (MT) (Xiong C et al., 2016a). During slaughtering process, blood is produced. Chicken blood, an important edible meat byproduct, constitutes approximately 3 to 5% of the body weight of chicken. Some blood has been used as coagulated blood for local consumption. However, most of the blood is discarded, resulting in higher cost for waste disposal or treatment.
Protein modification is considered as an important step to expand its wide range of food applications. Generally, proteins can be modified by oxidation Du et al., 2018) , ATP , metal ions , enzymatic (Lv et al., 2017) , crosslinking agents (Lin et al., 2018) , or irradiation treatments (Lacroix et al., 2002) . In order to improve the structural and functional properties of proteins, some new techniques and tools were developed, such as ultrahigh pressure , electric field , microwave (Lou et al., 2017) , and ultrasound ) that lead to changes in the structure of the protein and hence in its physical and chemical properties. Ultrasound is an acoustic wave with a frequency greater than 20 kHz, the threshold for human auditory detection (O'Sullivan et al., 2015) . Cavitation effects can generate homogeneous products, reduce the size of protein aggregates, and modify the molecular structures and physicochemical properties of macromolecule from vegetables and animals in ultrasound (Siddique et al., 2016) . The use of each protein in the food industry has been determined in accordance with these properties. In the present study, the modification of these physical and chemical properties of CPP was carried out via the ultrasound treatment. Therefore, we used the low frequency ultrasound to treat CPP and evaluated their physicochemical properties. Different time of ultrasound treatment on the protein samples was also investigated in this study. Furthermore, antioxidant properties of different treated proteins (UCPPs) were also determined for functional supplement in food industries.
MATERIALS AND METHODS

Chicken Plasma Protein Preparation
Approximately 3 L of chicken blood was obtained from a Jiangsu Lihua animal husbandry Co. Ltd. in China. A 3.8% (w/v) sodium citrate solution was mixed with the chicken blood at a ratio of 1: 9 (v/v) to prevent coagulation. Then, the chicken blood was centrifuged at 3,000 g at 4
• C for 20 min (Samsalee and Sothornvit, 2017 ) using a refrigerated centrifuge (Eppendorf centrifuge 5810R, Hamburg, Germany) and the CPP or supernatant (approximately 60%) was separated from the red blood cells (approximately 40%) using decantation. The collected CPP was then used as the raw material or native CPP to conduct further experiments.
Modified CPP by Ultrasound Treatment
The native CPP was transferred to an ultrasound processor with a 20-kHz ultrasound amplitude transformer (12 mm) and the treatment power was set at 200 W (11.25 W cm −2 , SCIENTZ-IID, Ningbo Xinzhi ultrasonic technology Co. Ltd, Zhejiang, China). The ultrasound amplitude transformer was immersed in the middle of 100 mL CPP and given with ultrasonic pulsed mode for total time of 5, 10, 20, and 30 min on-time 2 s and off-time 4 s, respectively. In order to keep sample temperature below 5
• C, the beaker contained the treated samples that were continuously immersed in an ice-water bath between the beaker and plastic centrifuge tube. Samples of ultrasound-treated CPP solutions for 5, 10, 20, and 30 min were referred to as UCPP-5, UCPP-10, UCPP-20, and UCPP-30, respectively. Then, CPP, UCPP-5, UCPP-10, UCPP-20, and UCPP-30 were dried in vacuum freeze-drying equipment.
Sodium Dodecyl Sulfate-polyacrylamide Gel Electrophoresis
The effect of ultrasound treatment on proteins was detected using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) according to a slight modified method of Laemmli (1970) . A 12% (w/v) running gel and a 5% (w/v) staking gel containing 10% SDS were run using electrophoresis. Samples (a protein concentration of 2.0 mg/mL) were prepared in sample buffer (10 mM Tris-HCl, 50% (w/w) glycerinum, 0.02% (w/w) bromophenol blue, 10% (w/w) SDS, and 5% (v/v) β-mercaptoethanol, pH 8.0). The protein solution was heated 5 min in a water bath at 100
• C, then centrifuged at 1,500 g for 10 min. Electrophoresis was performed at 80 V until the blue reached the separating gel into 120 V. Gels were stained with Coomassie Brilliant Blue R-250 solution and destained with 50% (v/v) methanol and 10% (v/v) acetic acid .
Circular Dichroism Spectra Determination
The circular dichroism (CD) spectra of samples were analyzed with a spectroscopy by dissolving in 10 mM PBS (pH 8.0) to get the 0.2 mg/mL protein solutions (Jasco 1500, Jasco analytical instruments, Tokyo, Japan). Using a quartz cuvette of 1 mm optical path length under nitrogen flux at 25 ± 1
• C, CD spectra were scanned in the far-UV range (250to 190 nm) at 100 nm/min and with 1.0 nm bandwidth. The 10 mM PBS (pH 8.0) was used as a spectrum of blank. Three scanning acquisitions were accumulated and averaged to obtain a final spectrum in all cases. The content of the protein secondary structure was calculated from the far-UV CD spectra using the CDNN2.1 procedure.
Extrinsic Emission Fluorescence Spectroscopy
The intrinsic fluorescence emission spectra of samples were determined using a fluorescence spectrophotometer (LS-55, Perkin Elmer, Detroit) at 25
• C, equipped with a 1-mm path length cell. The excitation wavelength of protein samples was 280 nm (slit = 2.5 nm), emission wavelength range of 290 to 400 nm (slit = 5 nm), and scanning speed of 1,200 nm/min was used. The protein samples were dissolved in PBS (0.01 M, pH 8.0).
Particle Size Determination
The samples suspensions (1% w/w) were prepared in distilled water. The particle sizes of the samples were quantified with a Malvern Zetasizer Nano (Malvern Instruments, Worcestershire, UK), using our previously published method (Zou et al., 2017b) . For each sample, 3 measurements were performed.
Surface Hydrophobicity Determination
Surface hydrophobicity of samples was analyzed using 1-anilino-8-naphathalene-sulfonate (ANS, SigmaAldrich Inc., St Louis, MO) as a fluorescence probe according to the method of our previous study (Zou et al., 2017a) . Samples were diluted (0.001 to 0.05 mg/mL) with phosphate buffer (0.01 M, pH 8). Fluorescence intensity (FI) was measured at 20
• C (LS-55, Perkin Elmer) at 369 nm (excitation), 472 nm (emission), and 10 nm s −1 of scanning speed. Then, 25 μL of ANS (8.0 mM in phosphate buffer 0.01 M, pH 8) was added to 2.0 mL of sample solutions and the FI was read. The initial slope of FI vs. liver protein concentration (mg/mL) (calculated by linear regression analysis) was used as an index of the protein H 0 -ANS. All determinations were performed in triplicate.
Determination of Total Sulfhydryl Content
The determination of total sulfhydryl (SH) groups was described by Liu et al. (2011b) . Samples were diluted into 10 mg/mL of recovered protein in Tris-glycine buffer (86 mM Tris, 90 mM glycine, pH 8.0) containing 4 mM of EDTA. The homogenate was filtered before use. For SH, 0.5 mL of filtrate was mixed with 4.5 mL of the same buffer containing 8 M urea (Tris-glycine-8 M Urea buffer, pH 8.0) and 0.10 mL of Ellman's reagent (10 mM DTNB in Tris-glycine buffer). The mixture was kept for 20 min at 20
• C and measured at 412 nm against a blank of Ellman's reagent at the same concentration without samples by a UV-Vis spectrophotometer. The SH concentration was calculated by using molar absorptivity constant of 13, 600 M −1 cm −1 and expressed as μM.
Scanning Electron Microscopy
The surface morphology of samples powders by vacuum freeze-dried was obtained using an EVO-LS10 scanning electron microscope (SEM ZEISSE, Oberkochen, Germany). Dried samples were coated using a gold-palladium alloy coater (Bal-Tec Co., Manchester, NH), and observed at an accelerating voltage of 10 kV and a magnification of ×2,000.
Thermal Properties
Thermal properties of lyophilized samples were obtained by differential scanning calorimetry (DSC Q20, TA Instruments Co. Ltd). An 8.0 to 10.0 mg of sample was heated from 20 to 180
• C at the rate of 10 • C/min. An empty pan was used as reference. At least 3 runs average of the peak denaturation temperature (T d ) and denaturation enthalpy (ΔH) for samples were determined, respectively.
Antioxidant Activity
ABTS radical scavenging activity assay. The experiment was performed according to our previous study with slight modification (Nilsuwan et al., 2018) . The ABTS [2,20-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid)] radical cation was produced by mixing the ABTS (7 mM) solution with potassium persulfate (2.45 mM) and kept in the dark at room temperature for 16 h to produce the ABTS radical cation. The ABTS solution was diluted with phosphate buffer to the absorbance of 0.70 ± 0.02 at a wavelength of 734 nm. A total of 50 μL of sample solution (2 mg/mL) was added to 150 μL of diluted ABTS solution in a well of a 96-well microplate, and the mixture was allowed to stand for 6 min at room temperature before the absorption was measured at 734 nm. Additionally, 0.2 mL PBS was used for the blank. The antioxidant activity was expressed as above. The capability of scavenging ABTS radical was calculated according to Equation (1).
where A s is the absorbance of sample and A c is the blank sample absorbance without any antioxidant. All experiments were carried out in triplicate.
Hydroxyl Radical Scavenging Activity Assay
The hydroxyl radical scavenging activity was assayed according to the method of Zou et al. (2017c) with some modifications. Briefly, a mixture of 1.0 mL of 1,10-phenanthroline (0.75 mM) and 1.0 mL of FeSO 4 (0.75 mM) was combined with 1.0 mL of sodium phosphate buffer (0.2 M, pH 7.4). Then, 1.0 mL of sample (2 mg/mL) and 1.0 mL of H 2 O 2 (0.01%, v/v) were added. The mixture was then incubated at 37
• C for 60 min, and the absorbance value of the mixture was determined at 536 nm. The capability of scavenging the hydroxyl radical was calculated as shown by Equation (1).
Statistical Analysis
All results were shown in mean ± standard deviation. The experiment, for different treatment in chicken plasma protein was replicated five times. The data were analyzed by 1-way ANOVA, where LSD method (CD and intrinsic fluorescence spectroscopy) and Dunnet (hydrophobicity, reactive SH group, thermal denaturation temperature and denaturation enthalpy, and antioxidant properties) were used on the basis of the significant differences between the groups using the statistical program SPSS 19.0. The significant difference was considered at P < 0.05 at 95% level of confidence.
RESULTS AND DISCUSSION
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
Electrophoresis was employed to evaluate the protein profile variation of different treatment samples, respectively. As shown in Figure 1 , CPP, UCPP-5, UCPP-10, UCPP-20, and UCPP-30 (lanes 1, 2, 3, 4, and 5) displayed similar distribution of molecular weights of 43 to 95 kDa, including albumin (65 to 69 kDa), fibrinogen (40 to 70 kDa), γ-globulins (33 to 58 kDa), α-globulin (56 to 60 kDa), and β-globulins (11 to 87 kDa) (Howell and Lawrie, 1983) . This phenomenon implied that the ultrasound treatment did not result in any aggregation or dissociation on the individual molecular weight of the plasma proteins in our experiment. Similar results of researches were published by O'Sullivan et al. (2016) and Xiong et al. (2016b) , who found that ultrasonication induced little change in the subunit compositions of wheat protein isolate and soy protein isolate (approximately 34 W cm −2 for 2 min), and animal (bovine gelatin, fish gelatin, and egg white protein) ovalbumin (20 kHz, 40 min). In contrast, sunflower protein isolates (20 kHz, 500 Hz, 25% amplitude and 30 min) (Malik et al., 2017) and whey protein isolate (Jambrak et al., 2014) (20 kHz probe, 40 kHz bath, 15 min/30 min) showed a significant difference after high-intensity ultrasound. The difference in SDS-PAGE results might be due to different ultrasound treatment conditions and also due to different protein sources.
Circular Dichroism
Changes in secondary structure elements of CPP, UCPP-5, UCPP-10, UCPP-20, and UCPP-30 were measured by CD spectra, as presented in Figure 2 . There was no significant difference in α-helix, β-fold, β-turn, and random coil content between CPP and UCPPs. Therefore, the secondary structure of the different treated proteins was little modified by ultrasound effect. The result was similar to that of the whey protein isolates (Frydenberg et al., 2016) . The reason for this result might be that ultrasonic treatment broke the interactions between the local sequences of amino acids and cleavage the disulfide bonds between different parts of the protein molecule. The secondary structure of treated protein may offset each other with the interactions of different type of bonds, while the Trp residues and surface hydrophobicity of samples were changed in the following sections. On the other hand, these findings were different to those of secondary structure of ultrasound-treated zein proteins, with a decreased content of α-helix and an increased content of β-sheet, compared with the untreated protein (Jin et al., 2015) . Besides, Liu et al. (2011a) reported that ultrasound could increase the β-turn content and decrease the β-sheet content. These different results might be related to the differences in native protein and sonication conditions. Zhou et al. (2017) showed that the increase of β-sheet content and decrease of α-helix structures of different concentrations of camellia tea oil on surimi were because of the exposure of the hydrophobic regions. The difference in secondary structure content between chicken liver protein isolate (Zou et al., 2017a) and CPP was due to the different treatment condition of ultrasound and different protein sources.
Extrinsic Emission Fluorescence Spectroscopy
Fluorescence spectroscopy can also afford an effective way to survey protein structure as well as to investigate conformational changes of protein during processing under different conditions (Christensen et al., 2003) . It is clear that among tyrosine (Tyr), phenylalanine (Phe), and tryptophan (Trp) residues particularly Trp residue is extremely sensitive to solvent polarity in proteins. Hence, the fluorescence quantum yield of Trp can be employed to distinguish the tertiary structure transformations of proteins (Zhao et al., 2015) . As presented in Figure 3 , the intensities of emission fluorescence of CPP, UCPP-5, UCPP-10, UCPP-20, and UCPP-30 (excited at 280 nm) had maximum value at wavelength of 332 nm. Increasing fluorescence intensities were followed by the dedication of the structural modification in soluble aggregates of UCPP-5, UCPP-10, and UCPP-20, except UCPP-30 with reduced fluorescence intensity. The result manifested that the tertiary structure of the treated protein samples was transformed and partly unfold within 20 min for this treatment (Wierenga et al., 2005; Zhou et al., 2013) . This phenomenon was mainly due to the fluid mixing and strong shear forces caused by cavitation effects (Paniwnyk, 2017) . This increasing fluorescence intensity of CPP was similar to the result of whey protein reported by Jambrak et al. (2008) , who revealed that ultrasound treatment could unfold the molecular structure of protein, destroy hydrophobic bonds of protein molecules, and induce more Trp residue inside the protein molecules to be exposed. Interestingly, our data showed that overprocessing of the fluorescence intensity was observed in UCPP-30.
Particle Size
Particle size of proteins is one of the important factors that influence the functional characteristics. The zaveraged particle size of different treated samples was presented in Figure 4 . The z-averaged particle size of CPP was 894.1 nm with a relatively broad distribution. As the prolongation of the time of ultrasound treatment, the z-averaged particle size of the treated samples decreased gradually, except for UCPP-30. This particle size decrease can be attributed to disruption of some of the larger insoluble protein aggregates by the cavitation, turbulent, and shear forces generated by the ultrasound effect (Hu et al., 2013) . These results are in agreement with earlier studies on soy proteins (Jambrak et al., 2009 ) and whey proteins (Arzeni et al., 2012) . Interestingly, our data showed that the treatment time of 30 min for the protein dispersions could result in a decrease in the efficiency of aggregate disruption. The z-averaged particle size of UCPP-20 was smaller than that of UCPP-30 (approximately 727.0 nm). This effect may be due to the extensive protein denaturation at longer ultrasound time, which ac- tually promoted protein aggregation (Zhu et al., 2018) . Gülseren et al. (2007) also reported that overprocessing of BSA dispersions by ultrasound treatment led to an increase in particle size. Thus, the treatment time of ultrasound should be optimized to ensure efficient protein aggregate disruption, without promoting excessive protein denaturation. Therefore, the appropriate time was 20 min of ultrasound treatment in this study.
Surface Hydrophobicity
Protein surface hydrophobicity is one of the most vital structural properties to study the change in protein conformation (Jin et al., 2015) . Figure 5 indicated that H 0 -ANS of the ultrasound treated samples was significantly increased over the control (P < 0.05). This result indicated that ultrasound effect resulted in a degree of proteins molecular unfolding, and thereby led to an increased number of hydrophobic groups that were originally inside the molecules to exposed (Malik and Saini, 2018) . This phenomenon was similar to others findings, which showed that the H 0 -ANS of soy protein (Hu et al., 2013) , ovalbumin (Xiong et al., 2016b) , and beef protein (Kang et al., 2016) were remarkably enhanced after ultrasound treatment. Hydrophobic surface of the protein increased as the protein molecules stretched and the complex structure of protein got broken under the cavitation. The protein conformation was changeable, and external physical field loosed the structure of the protein and may induce release of hydrophobic amino acids during treatment . However, H 0 -ANS of UCPP-30 decreased significantly as compared by that of UCPP-20 (P < 0.05). The reason for this change may be attributed to the collapse of gas bubbles which can generate high-intensity turbulence, shock waves, and shear forces from ultrasound effect (Shen et al., 2017) . This tendency of surface hydrophobicity was in agreement with that of the particle size distribution.
Total SH Content
The content of total SH group can severely impact the functional performance of protein and plays a key role in the production of relatively rigid structure. As shown in Figure 6 , the SH content of the treated sample increased significantly (P < 0.05) as compared to those of the untreated sample. The increasing content of SH due to a certain degree of unfolding of molecules resulted in exposure of buried SH groups or buried thiol groups. Furthermore, ultrasonication resulted in reduced particle size of protein isolates that exposed the buried SH groups and hence led to increase the SH of the treated samples (Tatsumi and Hirose, 1997) . The increase in SH content might infer that cavitation phenomenon from ultrasound could break disulfide bonds during processing, due to the role of micro jets, shock waves, shear forces, and turbulence (Jin et al., 2015) . The results of particle size also showed that ultrasonication could decrease the size of protein particles, and it was possible that the buried SH groups of molecule were exposed during the treatment. However, Gülseren et al. (2007) reported that the SH contents of BSA decreased with the ultrasound treatment, while Chandrapala et al. (2011) observed that SH content of whey protein concentrate had no changes after ultrasound treatment. The reason for the reduction in total SH group of BSA might be due to oxidation of SH groups by hydrogen peroxide generated by cavitation during ultrasonication (Gülseren et al., 2007) . Besides, the difference can also be attributed to the variety of the concentrate which contains more proteins as compared to pure BSA. The dissimilarity between our study and others might be attributed to the different conditions of ultrasound treatment and test materials. Figure 7 presents the microstructures of the different treated samples; the SEM pictures were acquired at 2 K (×2,000 magnification). With the increasing time of ultrasound treatment, there were more and deeper holes on the protein surfaces. The surface of treated samples cracked with microparticles and fragments that increased protein molecular surface area. These results might be due to the changes of ultrasound effect leading to unfolding of the molecules structure of the proteins, and the increasing exposure of hydrophobic groups and SH contents at the surface of the protein molecules, which could interact with each other and form larger aggregates after lyophilization (Jiang et al., 2014) . After different time of treatment, different degrees of deformation occurred and small cavities appeared in UCPPs. These results demonstrated that the obvious changes observed in the microstructure of UCPPs were induced by ultrasound effect.
Scanning Electron Microscopy
Thermal Properties
DSC is a widely adopted mean for determination of protein denaturation temperature, which provides information on the modification of native protein to its heat-denatured state. The peak temperatures (T d ) usually are a reflection of the stability of protein structure, while enthalpy (ΔH) is related to the necessary energy to cause a conformational change. The T d and ΔH involved in the denaturation of the samples were analyzed by DSC. All protein samples presented 2 endothermic peaks at approximately 70 and 140
• C, which implied that CPPs were mainly comprised of 2 protein components (albumin and globulin) (Ruiz et al., 2016) . Both T d1 and ΔH 1 of the treated samples increased as treatment time increased to 20 min in Table 1 . It could be suggested that the thermostability stability of UCPP-20 was partially increased by formation of the soluble aggregate by treatment (Shen et al., 2017) . These results indicated the conformational modification and hence change in thermal stability of the treated samples. The difference of T d2 and ΔH 2 between them manifested the destruction of intermolecular or intramolecular bonds between molecules by ultrasound treatment (Chandrapala et al., 2011) . The increasing ΔH indicated that more energy was required for unfolding of the plasma proteins. Conversely, ultrasonication of liver isolate proteins caused partial denaturation of proteins, and instead proteins became more susceptive to treatment as suggested by the reduction in ΔH (Gülseren et al., 2007) . The ΔH is known to be closely related to the percentage of ordered secondary structure of a protein (Phongthai et al., 2017) . This result suggested that ultrasound treatment altered the extent of ordered advanced structure of sample proteins through disruption of hydrophobic interactions and hydrogen bonds to the point of irreversible changes in conformation, leading to a more denatured state of UCPPs over CPP (Martinez and Anon, 1996) .
Antioxidant Activity
ABTS radical scavenging activity. The ABTS radical is a chromophore compound chemically stable, with high solubility in water or other solvent. It can be em- ployed for the quantification of the antioxidant activity of proteins or peptides. In this study, the scavenging activity of CPP and UCPPs against ABTS radical was presented in Table 2 . All ultrasound treated samples showed a significant increase in ABTS radical scavenging activities compared to the control proteins (P < 0.05). UCPP-20 showed the most potent ABTS radical scavenging activity which might be a result of more hydrophilic and hydrophobic ingredients after ultrasound treatment. However, there was a significant decrease of UCPP-30 in ABTS radical scavenging activities in comparison to UCPP-20 (P < 0.05). The reason for this phenomenon might be "overprocessing" in the tertiary structure, particle size, surface hydrophobicity, and extensive protein denaturation with the ultrasound treatment for 30 min. With effective ABTS radical scavenging activity of UCPP-20, it was postulated that antioxidative compounds were most likely connected with the hydrophobic proteins or amino acids by ultrasound treatment. In general, hydrophobic residues improved accessibility to hydrophobic radicals or polyunsaturated fatty acids and possibly increase their density at water-lipid interfaces, which allowed close contact with lipid molecules (Farvin et al., 2016) .
Hydroxyl radical scavenging activity. The hydroxyl radical is an extremely reactive oxygen species that can react with everything in living organisms, especially with DNA, proteins, and lipids, which caused aging, cancer, and several diseases (Ktari et al., 2012) . In Table 2 , scavenging hydroxyl radical abilities of CPP, UCPP-5, UCPP-10, and UCPP-20 showed significant increases from 37.1 to 77.3%, respectively, after ultrasound treatment for 20 min. The reason might be owing to the different physicochemical properties from different extraction and ultrasound effects on plasma proteins. The presence of UCPPs with high antioxidant activities showed great potential as a functional food supplement and in medicinal industries. The scavenging abilities of hydroxyl radical for UCPP-30 had no significant difference compared to that of UCPP-10. That tendency of scavenging hydroxyl radical abilities was similar to ABTS radical scavenging activities. The antioxidant abilities of proteins depend on specific amino acid residues and sequences. Active amino acid residues are transformed and exposed through ultrasound treatment, which contributes to reactions with oxidants (Kong and Xiong, 2006) .
CONCLUSIONS
This study demonstrated that different time of ultrasound treatment could induce significant changes of physicochemical and antioxidant properties of CPP. The maximum fluorescence intensity and minimum particle sizes of UCPP-20 were observed. The ultrasound treatment resulted in significantly increased H 0 -ANS and SH contents as well as thermal properties with the extension of the treated time except 30 min. Furthermore, UCPPs showed significant increases in antioxidant properties over CPP, especially UCPP-20. Therefore, the ultrasound treatment of proper time was necessary for modification of CPP to meet the requirements for food processing.
